Rio Grande Plain habitats with a range in total brush cover from 10 to 97% were selected from three brush control treatments and native brush types. Deer density in each habitat was determined from helicopter census and observation towers. Three brush cover classes resulted in three levels of white-tailed deer use during summer. Areas with less than 43% total brush cover had a maximum density of 1.4 deer/405 ha. Brush cover from 43 to 60% had a maximum density of 3.25 deer/405 ha. Righest summer deer use occurred on areas with 60 to 97% total brush cover (7.5 deer/40.5 ha).
The association of white-tailed deer (Odocoileus virginianus) with brush habitats is a subject of considerable interest to Texas range managers. The Rio Grande Plain has extensive areas of dense mixed brush vegetation (Davis and Spicer 1965) and some of the highest deer densities in the United States.
Mechanical, chemical, and prescribed burning methods have been used to reduce brush cover, thereby increasing forage production and livestock handling efficiency. Often this is accomplished at the expense of deer habitat (Box 1964) . At the same time, ranchers have discovered the income potential of selling hunting rights on their land (Teer and Forrest 1968) . Only recently has the attempt been made to evaluate the economic returns from livestock and whitetailed deer which result from brush control treatments (Whitson et al. 1977) .
Herbicidal brush control applied in strips that treat 80% of a pasture have little effect on deer numbers; however, 100% block spraying, which removes 86% of the woody canopy, has been shown to reduce deer numbers for as long as a year . Herbicide treatments, that removed 75a/c of the living brush canopy, had no effect on "screening cover" at deer height (Tanner et al. 1978) .
Brush functions as an important source of both food and cover for white-tailed deer in South Texas (Davis 1952 , McMahan 1964 , McMahan and Inglis 1974 . Since brush provides part or all of two major components of deer habitat, the intensity of deer use on an area may be related to brush cover or distribution.
The purpose of this study was to determine the relationship between deer density and various levels of brush cover in native brush habitats and brush control areas, which had not been commercially hunted since 1948.
Study Areas and Methods
The study was conducted on the Piloncillo Ranch, 6.4 km south of Catarina, Texas (Fig. 1) The study was conducted from May 1977 through July 1978. Research was conducted on 12 study areas of 90 to 365 ha (Fig. 1) . Study areas were selected to encompass wide variation in brush cover between areas and minimal variation within study areas. Total shrub cover ranged from 10 to 97% and grass cover varied from 4 to 110%. Bare ground ranged from 0 to 37%. Sampling within study areas was confined to permanent 20.3-ha circular study sites. Thirty study sites were used.
Study areas SN and SS ( Helicopter censuses by study area were conducted from 7:00 to 9:00 a.m. in January and July 1978 to determine deer density. Also, continuous 2-hr counts were made from the center of study sites using portable hunting towers 5.2 m tall. Four tower counts were logged at each study site during June, July, and August and two counts were logged on 18 selected sites during November 1977 and January 1978. Tower counts were conducted either from sunrise plus 2 hr, or sunset minus 2 hr. The timing of helicopter and tower counts corresponded to the daily peaks in deer activity (Michael 1970 , Montgomery 1963 . Variability in brush cover around towers resulted in a wide range of distances at which deer could be seen. Data were analyzed on deer-per-hectare-visible basis to account for this variation in visible distance. The visible area around each tower site was mapped on grid paper by two observers before deer counts were made. The number of visible hectares was determined with a planimeter. Area estimates of the two observers were usually within 10% of the mean. The visible area was defined as that area in which an active unalarmed deer could be seen at some time while moving through the site.
Brush and grass cover was recorded by species using three 30.5-m line intercepts per study site. The dead standing brush in the sprayed and burned areas added to the screening cover. Therefore, both living and dead brush were used in relating cover to deer use. Cover values for the study areas were obtained by taking the average of the study sites within an area. The horizontal distribution of screening cover on study sites was described using a vegeta- tion profile board (Nudds 1977) . This data provided a measure of cover stratification due to differences in canopy height and density. Herbaceous composition was determined from a minimum of 33, 0.25-m* frequency plots per study site.
Results and Discussion
Cover of shrubs was a good predictor of habitat preference for white-tailed deer in summer. As brush cover decreased, white-tailed deer numbers declined ( Fig. 3 and 4) . No apparent relationship existed between shrub cover and deer use during November and January.
Composition of shrubs, grasses, and forbs was not correlated to habitat preference of white-tailed deer, although when shrub cover was below SO%, a large variety of shrub species seemed more desirable than less diverse brush stands.
White-tailed Deer Census
Most data collected on white-tailed deer were obtained from systematic observations from towers on 30 study sites. To evaluate whether these data were a measure of deer density or deer activity, data taken from towers were compared to aerial census data for the eight study areas sampled during the summer 1978. The average density of deer on the study sites, within a study area, and the density obtained by aerial census were highly correlated (P<O.Ol) (Fig. 2) . This correlation indicated that tower data could be used validly to estimate deer density on study sites, assuming that helicopter censuses were unbiased and accurate.
Deer Density and Brush Cover
Both aerial censuses and tower counts of six study areas during November and January indicated no differential deer use of habitats with a range in brush cover from 15 to 75%. Deer appeared to be uniformly distributed across the available brush types. Tower observations suggested that deer spent a large portion of the early morning and evening hours involved in rut activities. Bucks associated with does were a common sight during this season, whereas bucks and does were segregated during the summer and spent most of their active time feeding. Michael (1965) reported that bucks and, to a lesser extent does, tended to have larger home ranges during the winter.
The preoccupation with mating and increased mobility of deer made it difficult to determine their response to habitats of varying brush cover.
Summer deer activity on 25 study sites was positively correlated (P<O.Ol) with total brush cover in the range of 10 to 97% (Fig. 3) . Similarly, aerial census of summer densities for the 12 study areas showed a positive correlation (P<O.Ol) with brush cover (Fig. 4) .
Total brush cover of 43% and 60% seemed to be critical levels for white-tailed deer summer habitat (Fig. 3) . Below 43% cover, deer use was low, with a maximum density of 1.4 deer/ 40.5 ha. Total brush cover from 43 to 6070 resulted in a maximum of 3.25 deer/40.5 ha. Total brush cover from 43 to 60% resulted in a maximum of 3.25 deer/40.5 ha. The highest deer use, during the summer, occurred on sites with 60 to 97% total brush cover. On these sites the maximum density exceeded 7.5 deer/40.5 ha. The maximum densities were projected using the model in Figure 2 . Variability below the maximum line was probably due to site features other than cover which made some sites less suitable for deer.
Some inferences might be drawn from five sites, apparently unsuitable for white-tailed deer and excluded from the regression model (Fig. 3) . Sites B6 and C5 had total brush cover of 60 and 63%, respectively; however, the horizontal vegetation density on these sites was relatively low. The vegetation profile indicated that height of most cover was above 1.5 m on C5 and below 1 .O m on B6. Study sites S2 and S5 were dense whitebrush bottoms. Site Ll was a dense mesquite type (86% cover) with less than 5% herbaceous cover in the understory.
All five of these sites were substantially under used by deer relative to other sites in the same cover class (Fig. 3) .
Good summer deer habitat had total brush cover about 60%. Mixed brush types which resulted in understory shrub growth also characterized these sites. The minimum grass cover for sites receiving highest deer use was 10%. Forb composition and frequency varied greatly between sites and years; however, no consistent relationship could be determined with deer use of an area. Although forbs are a preferred food item, browse is the staple in deer diets on the Rio Grande Plain (Davis and Winkler 1968) . Therefore, sites with a wide selection of browse species may provide a more nutritious food supply. NO relationship was apparent between brush diversity and deer use on sites with more than 5 1% total brush cover. Sites with less than 50% brush cover tended to receive heavier deer use if brush composition was more diverse. On untreated study sites the brush cover and composition were broadly determined by range site. Range sites with lowest deer use were hardland and rolling hardland; however, two of these range sites, characterized by a diverse brush composition and grass cover greater than 55%, had high deer use. Deer use of clay loam range sites varied from low to high, whereas sandy loam range sites had moderate to high deer use. McMahan and Inglis (1974) also noted that deer were attracted to sandy loam range sites.
Neither brush composition nor range site differences adequately explained the variability in deer use of sites with approximately equal brush cover. Deer use of sites below the maximum levels observed for the three broad cover classes (O-43%, 43-60%, 60-97%), was apparently due to habitat factors not measured during this study.
The study areas were relatively large blocks of low, medium, and high brush cover. Deer use on smaller areas of low brush cover may be substantially different than reported here. Davis and Winkler (1968) suggested that an interspersion of small openings in dense brush habitats may be advisable for deer.
Conclusions
The results of this study can be used to define more accurately the trade-offs between white-tailed deer and livestock production in the Rio Grande Plain. Maintenance of a given deer density requires that adquate habitat be available on a year-round basis. Total brush cover accounted for 67ajo of the variability in deer density as measured by two census methods during the summer months. At this time of year brush appears to be an important source of both cover and food. Brush control practices are obviously directed at altering this habitat component and the ranch manager should be aware that decreases in brush cover over large areas will result in lower deer use.
